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DETAILED ACTION 

Continued Examination Under 37 CFR 1.114 

1 . A request for continued examination under 37 CFR 1.114, including the fee set 
forth in 37 CFR 1 .17(e), was filed in this application after final rejection. Since this 
application is eligible for continued examination under 37 CFR 1.114, and the fee set 
forth in 37 CFR 1 .17(e) has been timely paid, the finality of the previous Office action 
has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on July 10, 
2009 has been entered. 

Status of Claims 

Claims 3-6, 10, and 14 are canceled. Claim 15 is withdrawn from consideration. 
Currently, claims 1, 2, 7-9, 11-13, and 16-18 are presented for examination on the 
merits. 

Claim Rejections - 35 USC § 103 

2. The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 
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3. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1 , 148 
USPQ 459 (1966), that are applied for establishing a background for determining 
obviousness under 35 U.S.C. 103(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 
obviousness or nonobviousness. 

4. This application currently names joint inventors. In considering patentability of 
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 
the various claims was commonly owned at the time any inventions covered therein 
were made absent any evidence to the contrary. Applicant is advised of the obligation 
under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 
not commonly owned at the time a later invention was made in order for the examiner to 
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 
prior art under 35 U.S.C. 1 03(a). 

5. Claims 1, 2, 7, 9, 11-13, and 16-18 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Miyamoto et al. (EP 1 126 139 A) in view of Grunke et al. (US 
4,936,927), and further in view of Lutjering et al. {Titanium) and Yao et al. (US 
6,066,359). 

Regarding claims 1,11,16, and 17, Miyamoto etal. teach a titanium alloy 
comprising 0.5-2.3% by mass of aluminum and inevitable impurities with titanium 
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constituting the balance (para. [0009]). The alloy possesses, among other properties, 
enhanced resistance to heat and oxidation (abstract). 

Miyamoto et al. do not teach an aluminum concentration layer as claimed. 
Grunke et al. teach a method of applying diffuse aluminum coatings on titanium or 
titanium alloy in order to protect the alloy from oxygen embrittlement (abstract; col. 3, 
lines 1-7). The method includes twice heat treating titanium or titanium base alloy such 
that the aluminum diffuses into the base alloy, thereby forming a coating comprising a 
titanium-aluminum intermetallic phase that is partially or fully dissolved (col. 3, lines 49- 
68 to col. 4, lines 1-15). Depending on the length of the heat treatment, the intermetallic 
phases formed are TiAI 2 , TiAl, and Ti 3 AI (Fig. 2a; col. 3, lines 49-61), which correspond 
to approximately 53.0%, 36.0%, and 15.8% by mass aluminum, respectively. (Refer to 
explanation of calculation below if needed.) It is noted that 15.8 mass % Al lies within 
the claimed range. It would have been obvious to one of ordinary skill in the art to have 
applied the aluminum coating of Grunke et al. on the titanium alloy of Miyamoto et al. for 
the purpose of further enhancing its resistance to oxygen embrittlement. It is further 
noted that the concentration of 15.8 mass% Al in Grunke et al. exceeds the 
concentration of the Al content in alloy of Miyamoto et al. (0.5-2.3%) by at least 13.5% 
(=15.8-2.3), which overlaps the claimed range. 

Miyamoto et al. in view of Grunke et al. are silent as to the presence of an oxide 
later on top of the concentrated layer. However, the presence of oxide on titanium- 
aluminum compounds is inherent, as evidenced by Lutjering et al. Lutjering et al. teach 
that Al 2 0 3 and crystalline Ti0 2 naturally form on titanium aluminides that have been 
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exposed to air (page 48-49, para. 2.9.3; Fig. 2.32). It is the aforementioned oxides that 
are responsible for the oxygen resistant nature of titanium-aluminum alloys at select, but 
not all, temperatures. 

Miyamoto et al., Grunke et al., and Lutjering et al. are silent as to the thickness 
and degree of crystallinity of the oxide phase. Yao et al., drawn to a method of 
producing titanium oxide thin film, teach a titanium oxide thin film that is 0.1 micron (100 
nm) to 5.0 microns thick (col. 5, lines 50-52) and fully crystalline (col. 5, lines 44-47). 
The oxide can be formed on metal substrates (col. 5, lines 1-6) and is corrosion 
resistant (abstract). It would have been obvious to one of ordinary skill in the art to grow 
additional crystalline oxide, as disclosed by Yao et al., on the surface of the alloy of 
Miyamoto et al. in view of Grunke et al. because the thin crystalline film would enhance 
the corrosion resistance of the titanium. 

Regarding claims 2 and 13, Miyamoto et al. further disclose that "any alloying 
element other than Al may be incorporated [in the titanium alloy] so far as the feature of 
the present invention is not lost"([0009]), meaning that additional elements are optional, 
i.e., they can be present or not present (zero percent), which overlaps the claimed 
range. 

Further regarding claim 13, the claim recites the transitional phrase "consisting 
of[,]" signifying closed language per MPEP § 21 1 1 .03. The alloy of Miyamoto et al. 
meets the claim, as additional elements are optional, or in other words are not required 
to be present and may assume a value of zero percent. 
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Regarding claim 7, the thickness of the aluminum gradient layer is less than 35 
microns (Grunke et al., col. 3, line 24), which encompasses the claimed range. 

Regarding claims 9 and 12, the titanium oxide of Yao et al. may be in brookite 
form (col. 3, lines 23-26, 66-67). 

Regarding claim 18, Grunke et al. teach that the content of aluminum continually 
decreases from the surface of the coating toward the titanium or titanium alloy base 
metal (col. 4, lines 1-15; Figs. 2b and 3b). Therefore, the aluminum content would 
decrease from 15.8% to that of the base (bulk) metal, thereby encompassing the 
claimed range. 

6. Claim 8 is rejected under 35 U.S.C. 103(a) as being unpatentable over Miyamoto 
etal. (EP 1 126 139 A) in view of Grunke et al. (US 4,936,927), Lutjering etal. 
(Titanium), and Yao et al. (US 6,066,359), as applied to claim 1 , and further in view of 
Kobayashi et al. (EP 0 816 007 A2). 

Regarding claim 8, Miyamoto et al., Grunke et al., Lutjering et al., and Yao et al. 
do not teach the claimed titanium alloy in contact with steel. Kobayashi et al. teach 
bonding a titanium aluminide rotor to a steel shaft to construct a turbine rotor (abstract). 
The rotor is titanium aluminide because it is less dense (light in weight) and harder than 
its nickel-base superalloy (col. 1 , lines 14-34). It would have been obvious to one of 
ordinary skill in the art to have bonded the titanium-aluminum alloy of Miyamoto et al., 
Grunke et al., Lutjering et al., and Yao et al. to a steel shaft, as disclosed by Kobayashi 
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et al. because titanium-aluminum compounds possess properties superior than nickel- 
base superalloy in the manufacture of turbine rotors. 

Calculation of Percent Al in Various Ti and Al Compounds 

Al (Mai) = 26.982 g/mol 
Ti (M Ti ) = 47.867 g/mol 

Mass % Al in TiAI 2 = 2 mol x 1 mol M A i / (1 mol M T i + 2 mol x M A i) = 0.52994 

= 52.994 % by mass Al 
Mass % Al in TiAl = 1 mol x M A i / (1 mol M Ti + 1 mol x M A i) = 0.36049 

= 36.049 % by mass Al 
Mass % Al in Ti 3 AI = 1 mol x M A , / (3 mol M T i + 1 mol x M A |) = 0.15818 

= 15.818 % by mass Al 

Response to Arguments 

7. Applicant's arguments filed July 10, 2009 have been fully considered but they are 
not persuasive. Remarks directed to Lampman will not be addressed as new grounds 
of rejection have been made. 

First, Applicant argues that there would be no motivation for one of ordinary skill 
in the art to have applied the coating of Grunke to Miyamoto because the alloy of 
Miyamoto is already sufficiently resistant to oxidation. The Examiner respectfully 
disagrees. One of the largest factors driving the need to innovate is to further improve 
upon and enhance what is already known. Therefore, one of ordinary skill in the art 
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would, at the very least, appreciate the positive effects of applying an aluminum coating 
on the alloy of Miyamoto, as the coating would further enhance the oxidation properties 
already present. 

Second, Applicant argues that the concentration of Al in Grunke exceeds that 
amount that is claimed. In response, a review of the above calculations show that the 
aluminum is approximately 15.8% by mass in at least some portion of the coating. 

Third, Applicant argues that it would not be obvious to apply an oxide layer on a 
material that is oxidation-resistant. In response, Applicant should not misconstrue 
oxidation-resistant as being equivalent to oxidation-proof. All materials oxidize under 
one condition or another. This is particularly true of titanium and aluminum alloys, as 
evidenced by Lutjering (page 48-49, para. 2.9.3; Fig. 2.32). Oxidation-resistant 
materials absorb oxygen at lower rates than others, making them appear to be 
oxidation-proof on larger time scales (Lutjering, Fig. 2.33). In reality, oxidation-resistant 
materials are still prone to oxidation, particularly if the temperature is particularly high 
(Lutjering, page 49). It would furthermore have been obvious to have grown additional 
oxide on the oxidation-resistant alloy in order to further improve resistance to corrosion 
(Yao et al.). 

Fourth, Applicant argues that the oxidation process of Yao et al. would not 
produce the same oxide film as that produced by oxidizing a Ti-AI alloy. In response, 
the Ti-AI is inherently oxidized by ambient air (Lutjering, page 48-49, para. 2.9.3). 
Therefore, the process limitation has been satisfied. 
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Pertinent Prior Art 

8. The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. 

U.S. Patent No. 6,599,636 to Alger teaches a titanium aluminide substrate on 
which titania and alumina are purposefully grown in order to form a protective coating. 

Corrosion, edited by Shreir et al., teaches oxide formation in titanium and 
aluminum. 

Conclusion 

No claims are allowable. Any inquiry concerning this communication or earlier 
communications from the examiner should be directed to Vanessa Velasquez whose 
telephone number is 571-270-3587. The examiner can normally be reached on 
Monday-Friday 9:00 AM-6:00 PM ET. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Roy King can be reached on 571-272-1244. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
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Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 



/Roy King/ 

Supervisory Patent Examiner, Art 
Unit 1793 



/Vanessa Velasquez/ 
Examiner, Art Unit 1793 



